Abstract: This study identified the areas of poor specificity in national injury hospitalization data and the areas of improvement and deterioration in specificity over time. A descriptive analysis of 10 years of national hospital discharge data for Australia from July 2002-June 2012 was performed. Proportions and percentage change of defined/undefined codes over time was examined. At the intent block level, accidents and assault were the most poorly defined with over 11% undefined in each block. The mechanism blocks for accidents showed a significant deterioration in specificity over time with up to 20% more undefined codes in some mechanisms. Place and activity were poorly defined at the broad block level (43% and 72% undefined respectively). Private hospitals and hospitals in very remote locations recorded the highest proportion of undefined codes. Those aged over 60 years and females had the higher proportion of undefined code usage. This study has identified significant, and worsening, deficiencies in the specificity of coded injury data in several areas. Focal attention is needed to improve the quality of injury data, especially on those identified in this study, to provide the evidence base needed to address the significant burden of injury in the Australian community.
Introduction
Injury is the leading cause of the fatal burden of disease in Australia for individuals aged 1-44 years of age [1] . In order to target injury prevention policy and practice appropriately, data are needed which accurately identifies the causes of injuries, where injuries are occurring, and what activities people are undertaking at the time when injuries occur [2, 3] . Many countries throughout the world use the International Classification of Disease system to capture injury diagnoses and external causes of injury for mortality and morbidity records [4] , and Australian hospitalization data uses a modification of the ICD-10 (the ICD-10-AM, which includes additional codes for greater specificity and/or of relevance in the Australian context) to capture external cause, place, and activity for all injury-related hospitalizations [5] .
However, there has been limited evaluation of the accuracy and completeness of injury hospitalization data in Australia, or indeed in other parts of the world where external cause of injury coding occurs. A literature review of the accuracy of external cause of injury coding in hospital records published in 2009 by the first author found only five papers internationally [6] [7] [8] [9] [10] , which had systematically evaluated coding quality with accuracy ranging from between 64% and 85% agreement of coders in the assignment of external cause codes [11] . There appears to have been no improvement in coding accuracy since then, with more recent research in Sweden finding accuracy ranging from A descriptive analysis of 10 years of data obtained from the National Hospital Morbidity Database (NHMD) for Australia from July 2002-June 2012 was performed. The NHMD records all public and private hospitalisations in Australia and is maintained by the Australian Institute of Health and Welfare. This research study was approved by the Queensland University of Technology University Human Research Ethics Committee (Approval number: 1300000849). Informed consent was not required from participants as data was de-identified. Hospital separation records with a principal diagnosis of an injury (ICD-10-AM S00-T98) and an external cause code indicating the injury was either the result of an accident (V00-X59), intentional self-harm (X60-X85), assault (X85-Y09), or undetermined intent (Y10-Y34) were included. Legal interventions and war operations (Y35-Y36) and Complications of medical and surgical care (Y40-Y84) were not included as this study focused on the specificity of data regarding community injuries.
The ICD classification system is hierarchical and the external causes chapter (Chapter 20) is organized into intent blocks at the broadest level (e.g., Accidents, Intentional Self Harm, Assault, Undetermined Intent), with each of these intent blocks including residual codes (e.g., "X58-X59 Accidental exposure to other and unspecified factors") to capture cases unable to be classified to more defined categories within the block. Within each of these intent blocks, at the next level of the hierarchy, codes are organized into mechanism blocks (e.g., Falls, Accidental drowning, and Submersion etc.), with each of these mechanism blocks also including residual codes (e.g., "W19 Unspecified Fall") to capture cases unable to be classified to more defined mechanism codes (e.g., "W11 Fall on or from ladder"). Separate variables were created to categorize external cause codes as either Defined (NOT an "Other" or "Unspecified" code) or Undefined ("Other" or "Unspecified" code) at both the broad intent levels and at the mechanism levels. Summary variables were created to indicate whether the patient was assigned a defined or undefined mechanism code (by aggregating across the individual mechanism variables) and to indicate whether the patient was assigned a defined/undefined code overall (by aggregating across the major intent level block and minor mechanism level blocks). Table 1 , in the results section, provides the details of the categorization of external cause codes as defined or undefined.
Place of occurrence and activity at the time of injury are arranged hierarchically within the ICD-10-AM classification system, with broad residual codes provided to enable the classification of cases with no information available (e.g., "Y92.9 Unspecified place of occurrence", "U73.9 Unspecified activity") or which are unable to be assigned to a specified place or activity code (e.g., "Y92.88 Other specified place of occurrence", "U73.8 Other specified activity"). At the next level down in the hierarchy, place and activity blocks also include residual categories (e.g., "Y92.09 Other and unspecified place in home", "U70-U71 Other or unspecified sport and exercise activity" etc.). Separate variables were created to categorize place and activity codes as either defined (NOT an "Other" or "Unspecified" code) or undefined ("Other" or "Unspecified" code) at both the broad level and at the specific levels. An aggregate variable was also created to summarize across the place and activity blocks to indicate whether the patient was assigned a Defined or Undefined place and Defined or Undefined activity code. Table 2 , in the results section, provides the details of the categorization of place and activity codes as Defined or Undefined.
Residual codes such as "other specified" and "unspecified" provide insights into two aspects of data quality. A case assigned an "Other specified" code indicates that there is further information in the medical record about the cause but the classification system does not have an appropriate code to classify the particular cause. A case assigned an "Unspecified" code indicates that there is no information in the medical record to enable coding of more specific information. These two types of residual codes are grouped together for the purposes of this paper however, as it focuses on identifying how defined injury hospitalization data is overall and examines whether there has been an improvement or deterioration in the specificity of injury data over time.
Descriptive statistics are provided for the broad and specific code blocks for external cause, place, and activity including the frequency of injury presentations within each category and the proportion of undefined codes. Overall proportions of defined/undefined over time are also provided by hospital (e.g., sector, location) and patient characteristics (e.g., age, gender). Percentage change in the proportion of undefined cases/defined cases in the earliest year compared to the most recent year was calculated for each of the broad and specific code blocks for external cause, place, and activity. Kendall's tau was used to examine the significance and magnitude of the change in case specificity (defined/undefined) over time from the earliest year to the most recent year of injury data. 
Results and Discussion
Over the Table 1 provides the frequency of separations for the intent and mechanism blocks, as well as the proportion of undefined categories for each block and the change over time in the proportion of undefined cases. At the intent block level, accidents and assault are the most poorly defined with 11.4% of cases in both intent blocks being assigned an undefined code.
Specificity of External Cause Codes
At the mechanism block level, the accidental mechanisms most poorly defined were: falls and poisoning by noxious substances (both of which had almost 42% of cases categorized into undefined codes), accidental drowning and submersion (28% undefined), water transport (27% undefined), air and space transport (23% undefined), pedal cyclists (23%), and motorcyclists (20%). The intentional self-harm mechanisms most poorly defined were firearms (26% undefined), sharp objects (26% undefined), and motor vehicle crashes (20% undefined). Assault mechanisms which were poorly defined also included firearms (45% undefined), and sharp objects (25% undefined). Finally, in the cases where intent was undetermined, the mechanisms which were poorly defined included firearms (51% undefined), sharp objects (37% undefined), and poisoning by noxious substances (18% undefined).
Changing Specificity of External Cause Codes
The association between the proportion of undefined cases in the earliest year of data and the most recent year of data was examined to identify whether there were any improvements or deterioration in the specificity of external cause data across intent and mechanism blocks.
There was a significant improvement in specificity over time in the assault block (with the proportion of undefined codes reducing from 18% in in July 2011-June 2012), pedal cyclists (27% to 16%), heavy transport occupants (21% to 9%), and bus occupants (26% to 14%).
However, there were several categories where there was a marked deterioration in the specificity, identified by an increasing use of undefined codes over time. The most substantial increase in the use of undefined codes over time was for cases of accidental drowning and submersion, with an increase in undefined codes from 17% in Overall, the aggregate mechanism blocks for accidents and undetermined intent showed a significant deterioration in specificity over time, with the use of undefined codes increasing from 26% in July 2002-June 2003 to almost 30% in July 2011-June 2012 for accidents, and 14% to 19% for undetermined intent codes over the same time period. There was a marginal improvement in the aggregate mechanism block for intentional self-harm, and no change in the specificity of mechanism block codes for assaults. This pattern of results is further reflected in Figure 1 showing the rate of undefined cases over these years.
deterioration in the specificity of external cause data across intent and mechanism blocks.
There was a significant improvement in specificity over time in the assault block (with the proportion of undefined codes reducing from 18% in July 2002-June 2003 to 12% in July 2011-June 2012), and the undetermined intent block (8% to 3%). All transport codes (except other land transport, water transport, and air transport) improved, with substantial improvements in the specificity for pedestrians (with the proportion of undefined codes reducing from 13% in July 2002-June 2003 to 7% in July 2011-June 2012), pedal cyclists (27% to 16%), heavy transport occupants (21% to 9%), and bus occupants (26% to 14%).
However, there were several categories where there was a marked deterioration in the specificity, identified by an increasing use of undefined codes over time. The most substantial increase in the use of undefined codes over time was for cases of accidental drowning and submersion, with an increase in undefined codes from 17% in Overall, the aggregate mechanism blocks for accidents and undetermined intent showed a significant deterioration in specificity over time, with the use of undefined codes increasing from 26% in July 2002-June 2003 to almost 30% in July 2011-June 2012 for accidents, and 14% to 19% for undetermined intent codes over the same time period. There was a marginal improvement in the aggregate mechanism block for intentional self-harm, and no change in the specificity of mechanism block codes for assaults. This pattern of results is further reflected in Figure 1 showing the rate of undefined cases over these years. Table 2 provides the frequency of separations for place of occurrence and activity at the time of injury blocks, as well as the proportion of undefined categories for each block and the change over time in the proportion of undefined cases. Place was poorly defined at the broad block level, with almost 43% of cases assigned an undefined place code. Within the specific place blocks, the most poorly defined subcategories over the 10 year period were home (80% undefined), industrial and construction area (27% undefined), and street and highway (24% undefined).
Specificity of Place Codes

Changing Specificity of Place Codes
There was a significant improvement in specificity over time in the home category (with the proportion of undefined codes reducing from 98% in July 2002-June 2003 to 51% in July 2011-June 2012) due to an increased number of defined subcategories to indicate places within the home in ICD-10-AM sixth edition (implemented in July 2008).
However, there was a marked deterioration in the specificity of place codes, identified by an increasing use of undefined codes over time for the street and highway category, which increased from 11% undefined in July 2002-June 2003 to 86% in July 2011-June 2012. This was due to ICD-10-AM seventh edition changes (implemented in July 2010) to inactivate the subcategory for Y92.40 roadway and include this as an inclusion term under the unspecified category Y92.49 Unspecified public highway, street, or road.
Specificity of Activity Codes
Activity is the most poorly defined element at the broad block level, with 72% of cases assigned an undefined activity code. Within the specific activity blocks, sports and leisure activities were undefined for almost 24% of cases and work-related activities were undefined for almost 56% of cases.
Changing Specificity of Activity Codes
There was a significant decrease in the specificity of sports and leisure activity codes and work-related activity codes over time. The proportion of undefined sports or leisure activity codes increased from 24% in Table 3 provides the frequency of separations by hospital characteristics (jurisdiction, location, and sector) and patient characteristics (age, sex, and external cause) and the proportion of defined/ undefined codes (aggregating across the intent and mechanism specific variables as described in the methods). Changes over time in the proportion of undefined cases for each category are displayed.
Changing Specificity by Hospital and Patient Characteristics
Overall, the jurisdictions where the highest proportions of undefined external cause of injury codes were used were South Australia, Victoria, and New South Wales, but Western Australia had the largest increase in the proportion of undefined codes used with 5% more cases being undefined in July 2011-June 2012 compared to July 2002-June 2003. Hospitals in very remote locations and hospitals in the private sector recorded the highest proportion and largest increases of undefined external cause of injury codes increasing by almost 6% and 9% respectively over the 10 year period. Those aged over 60 years and females had the higher proportion of undefined code usage of all age groups, with almost 45% and 35% respectively assigned an undefined code, both increasing significantly over time. The proportion of cases with undefined codes reduced for those aged 14 years and younger, with 2% fewer undefined codes in July 2011-June 2012 compared to July 2002-June 2003. When examining external causes overall, accidents had the highest proportion overall with undefined codes, with almost 35% of cases overall assigned an undefined accident code, and this proportion increased significantly over the time period. There was an improvement overall in the specificity of intentional self-harm and assault codes, with a decrease of 2% and almost 6% respectively in the proportion of undefined codes. 
Discussion
This study examined the specificity of national injury hospitalization data for key injury surveillance elements and identified several areas of improvement and deterioration over the last decade. There were around 11% of accidents and assaults respectively where there was no information regarding the mechanism causing the injury in the 10 year dataset, which amounts to over 450,000 injury cases for which we know nothing more than the fact it was due to an accident or an assault. This is a significant deficit in our understanding of the magnitude of different mechanisms of injury, limiting the evidence-base from which to establish both unintentional injury prevention and violence prevention initiatives in Australia. The key areas where there was considerably poor specificity and/or where there was a highly significant reduction in the level of specificity of codes over time are described below.
Fall prevention is a national injury priority area [19] , yet two out of five patients who were hospitalized due to a fall had no further information about the cause of the fall recorded in the data and there was no improvement in the specificity of falls information over time despite the resources which have been devoted to the falls area. Without information about the main causes of hospitalized fall cases, we are unable to appropriately allocate resources to the falls prevention areas where there is the most need.
The specificity of information regarding firearm-related injuries was poor across all intent types and deteriorated significantly across the time period under investigation. The deteriorating specificity of types of firearms in coded injury hospitalization data warrants further attention to identify whether there has been a reduction in the information recorded in medical records over time regarding firearms, or whether there is a larger range of firearms which are not well captured by the current classification system, or whether coders are not receiving sufficient training in coding of certain injury mechanisms [20] .
Similarly, the specificity of types of sharp objects causing injury was poor across intent blocks, especially cases of undetermined intent. The use of sharp objects in assaults has received considerable attention over the last few years, particularly in relation to "glassings" (i.e., assault with broken glass) and knife attacks. As such, the decreasing specificity of types of sharp objects involved in injury hospitalizations needs investigation and improvement to accurately monitor changing patterns of violence-related hospitalizations over time.
The specificity of drowning codes was particularly poor with significant decreases in specificity over time. Drowning prevention programs particularly need accurate data regarding the number of drownings occurring in pools, bathtubs, and open water for example, and if over one-third of cases do not specify the body of water in which the person drowns, there is a significant underestimation of one or more of these drowning locations.
Forces of nature specificity reduced over time. The forces of nature which are defined in this block include: excessive natural heat/cold, sunlight, lightning, earthquake, volcanic eruption, avalanche/landslide/earth movement, storm, and flood, yet almost 15% of patients injured due to forces of nature are assigned an undefined code. This suggests that either there has been a reduction in the information recorded in medical records over time regarding forces of nature or there are an increased range of forces of nature which are not well captured by the current classification system, or that coders are not receiving sufficient training in coding of certain injury mechanisms. With the different climates and weather events across Australia, further investigation to examine whether there are differences across jurisdictions in the specificity of forces of nature injury coding may assist to identify reasons for the decreased specificity.
Poisoning by noxious substance coding decreased in specificity across all intent blocks except intentional self-harm and accidental poisonings showed the poorest specificity of all intent blocks. It is likely that for cases of intentional self-harm, recording of the chemical substance that has been consumed is well documented as part of a comprehensive mental health treatment plan, hence explaining the smaller proportion of undefined codes (10%) for this intent block. Furthermore, a broad array of substances are included within the undefined "other and unspecified" code, including glues and adhesives, poisonous foodstuffs and plants, paints and dyes, antibiotics and hormones, and synthetic substitutes to name a few. While the Chapter 19 Injury and Poisoning chapter also captures details on substances involved in injury events, this too is inadequate to cover the range of substances causing harm. Future revisions of the ICD-10-AM should consider expansion to better capture the range of specified substances causing poisonings.
Place and activity were both very poorly defined, with two out of five cases not having a place of injury coded and three quarters of cases not providing an activity of the injured party. To target injury prevention and know which organizations to engage in the prevention initiatives, place and activity are critical factors. In order to provide useful data to stakeholders, (e.g., Workplace Health and Safety, sport safety advocates, education providers) who may wish to engage in prevention initiatives, an accurate estimate of magnitude of the problem for their domain, the place and activity code deficit needs urgent attention.
This study also identified discrepancies in the specificity of data by jurisdiction, sector, location, age, sex and intent, suggesting certain subgroups may require more attention to improve external cause data quality overall. Particularly problematic subgroups where data quality was poorest were private hospitals, hospitals in very remote locations, and injuries in patients aged over 60 years of age, all of which were becoming significantly less defined over time. Further investigation is needed to uncover the reasons for poor quality (e.g., untrained coding staff, poor documentation of clinicians, poor information systems for recording data) in order to target interventions appropriately. It is likely that a multi-pronged approach to improve the quality of injury data is needed, which includes a stronger emphasis on documentation and coding of external causes in both medical and health information management training programs, hospital data audit and feedback mechanisms which include external cause data (not just diagnostic codes), and incorporation of external cause data in information system designs to ensure clinicians and coders are prompted to accurately record and code such information.
Conclusions
With injury being a leading cause of the fatal burden of disease in Australia, specific data about the causes, places, and activities surrounding injury are critical for informing injury prevention policy and practice. This study has identified significant, and worsening, deficiencies in the specificity of coded injury data in several areas. Focal attention is needed to improve the quality of injury data, especially on those identified in this study, to provide the evidence base needed to address the significant burden of injury in the Australian community.
Key Messages
What is already known on this subject:
‚
The specificity of injury data describing causes of injuries, where injuries occur and what activities people are undertaking at the time when injuries occur affects our ability to appropriately target injury prevention policy and practice.
‚ Previous Australian research quantified the level of specificity in injury hospitalization data with considerably poor specificity for some major intent categories (unintentional injuries and assaults), mechanisms (falls, burns, and poisonings), and for activity and place codes.
As injury hospitalization data are a critical epidemiological tool for directing injury prevention policy and practice in Australia, it is important to understand the strengths and weaknesses of these data and identify any improvements or deteriorations in these data over time.
What this study adds:
‚ This research identified the key areas where there was considerably poor specificity and/or where there was a highly significant reduction in the level of specificity of codes over time.
‚
Discrepancies in the specificity of data by subgroups was identified, including by jurisdiction, sector, location, age, sex, and intent, suggesting certain subgroups may require more attention to improve external cause data quality overall.
‚ Key focal areas where there was significant and worsening deficiencies in data specificity included the mechanisms of falls, firearms, sharp objects, drowning, forces of nature, and poisonings, and the subgroups of private hospitals, remote hospitals, and patients over 60 years of age.
